Segmental colonic transit has been measured in 101 patients. Two MBq of ll'Indium absorbed on resin pellets and encapsulated in an enteric coated capsule was given at 700 am. Hourly images during the first day, and three images during each subsequent day were acquired for up to three days. Using all scan and patient data the scans were categorised in one of the five patterns of colonic transit: normal, rapid, right delay, left delay, or generalised delay. The geometric centres and per cent activity at each time point was compared between the five groups of colonic transit patients to find the best time for imaging and so to distinguish the five groups. During the first day, early images did not help in diagnosis of patterns of transit, however, in the later images (six hours onwards after the ingestion of the activity) the rapid transit groups could be identified. Images at 27 and 51 hours were both required to distinguish all five groups of patients from each other. Only in the 'normal' transit patients was there some excretion of the activity during the course of the second day, otherwise there was no difference in the images taken in the course of a day (second or third day). A simplified protocol requires a minimum of three images to distinguish all five patterns of colonic transit. The activity should be ingested in the morning (7 00 am) and the first image taken at the end of the working day (8-10 hours after ingestion), the second image on the morning of the second day, and the third image during the course of the third day. This simple protocol would provide all the clinically relevant information necessary for correct classification of the colonic transit. (Gut 1994; 35: 976-981) There has been an increasing interest in the assessment of normal and abnormal large bowel function using manometric, electrophysiological, volumetric, x ray, and scintigraphic methods, some of which are invasive and most are time and labour intensive. 1-3 Radiology has established itself as the main method of measurement of colonic transit. Elaborate x ray techniques, however, have been abandoned in favour of simplified tests for routine clinical use.4 Scintigraphy is one of the least invasive of these procedures, and yet can supply clinicians with important functional information.5 6 As with many new investigations the early protocols entail extensive monitoring over prolonged time to obtain the fullest possible information.5 7 Krevsky et al has instilled radioactivity directly into the caecum.7 This permits detailed and accurate measurement of the transit through the colon. It may not be entirely physiological, however, because of intubation and it is not practical for routine clinical use. Most other studies5 6 8 have used multiple imaging during the first day followed by several images in the following three to seven days. Some centres have already used a simplified method for clinical practice,9 but there is no study that evaluates and rationalises the use of this simplified method for routine colonic transit study. We have analysed our detailed information on colonic transit in different clinical situations with up to 70 images taken over three days. We have then reviewed all the information obtained from such detailed studies to determine the optimal number and timing of images so that the minimum number of images can be acquired with no loss of diagnostic accuracy. This has permitted us to devise a simple procedure that provides the required clinical information. We hope this simple test will permit most nuclear medicine departments to offer colonic transit assessment as a routine service. 
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Patients and methods
Two independent observers reviewed all the results. In particular, parametric images were found to be most helpful in reaching a decision about pattern of transit in these patients. Five distinct types were identified: (1) 'Normal' colonic transit (normal) (n=36): the most common pattern. These patients had all excreted the activity by the end of the three day study. None had been excreted within the first 10 hours of the study; (2) Generalised delay (G delay) (n= 16): no activity was excreted by the end of the study. The activity was more or less evenly distributed with no specific focal point of accumulation; (3) Right sided delay (R delay) (n=32): no activity was excreted by the end of the study. The activity accumulated in regions one and two and stayed there for the length of the study; (4) Left sided delay (L delay) (n=4): no activity was excreted by the end of the study. The activity moved along the colon as in the 'normal' group but stayed in region 4 (descending colon/rectum) to the end of the study; (5) Rapid colonic transit (rapid) (n=13): all the activity was excreted by the morning of the second day. The main distinguishing point from the 'normal' group was that the activity had already moved distally in the colon by the end of the first day. This did not occur with the 'normal' or intermediate group.
The time from ingestion of the capsule to arrival in the caecum (region 1) and each subsequent colonic region was compared among the five groups of patients to find out if these criteria on their own would distinguish the groups. Arrival time was estimated by looking at the analogue images and determining the first frame in which activity could be seen in the region of interest (> 10% activity). The time to caecal peak and the time for the activity to appear in faeces was also compared.
A second set of analyses was performed to determine which of the recorded imaging times was the most appropriate to define the five groups of transit patterns clearly so that a simplified method could be based on these images: (1) The percentage of activity in each region of interest was compared between the five groups at 4, 6, 8, 10 hours after the ingestion on the first day, at 27, 31, 34 hours on the second day, and at 51, 55, 58 hours on the third day; (2) the geometric centre for each group was also compared at each time point; (3) activity in each region during the course of second and third day (three images each day) was compared to detect any significant difference between images on the same day.
As we rely on the parametric images for routine reporting the adequacy of imaging for the simplified method was assessed by looking at the raw and parametric images at proposed time points: the end of the first day (10-2 SD 1 6 hours after ingestion), on the morning of the second day (27.3 SD 2-1 hours), and the morning of the third day (51.8 
hours).
The ability of these three sets of images in distinguishing the five groups of patients was also tested by comparing the percentage of activity in each region in the five groups and also by calculation of the geometric centres.
The At six hours most of the activity had reached the caecum in all groups, but there was no statistically significant difference between the five groups up to eight hours. From eight hours there were consistent differences between groups, reaching a peak at 10 hours. Ten hour images showed that some of the activity in patients with left sided delay and rapid colonic transit had traversed the colon with significant accumulation in sigmoid colon and rectum (23% of the activity) in patients with left sided delay, with rapid transit group being the only group with some excretion (22%) by this time (Fig 1) . There was significant difference between left and right sided delay patients (p<000l) in region 4 at this stage. Thus the late images in the first day showed increasing difference between R delay, L delay, and rapid transit with much overlap between the other groups (p=NS). Figure 1 shows the activity in each region at 10 hours.
During the course of the second day three sets of images were taken (27, 31, and 34 hour images). At 27 hours (morning image) there was little activity left in the caecum in rapid transit patients (6% SD 7), while a quarter of the activity was still in the caecum in the normal group (24% SD 23) (Fig 2) . Both these groups were significantly different from any of the delayed transit group (p<O0OOl). There was no difference, however, among the three groups with delayed transit. Activity in splenic flexure was only seen in the normal and generalised delay groups. The rectosigmoid region contained a third of the activity in the left sided delay, 20% in the normal, only 10% in the generalised, and none in the right sided delay (no activity reaches the area), and none in the rapid transit as most of the activity was excreted by 27 hours. Almost all the activity was excreted by 27 hours in rapid transit patients. There was no change in the activity in different regions during the course of the second day (p=NS) for any group of patients except for reduction in the activity in transverse colon and some faecal excretion in patients with normal transit (p<O.O 1).
At 51 hours (moming of the third day) most of the ingested activity (68% SD 27) was in the faeces in normal transit group (Fig 3) . The remaining activity was mainly in the right colon. The most striking difference was between the normal group and the patients with delayed transit (p<000 1). In L delay most of the activity concentrated in the sigmoid and rectum (62% SD 4), in R delay in the right colon (23% SD 17 in region 1 and 60% SD 21 in region 2), and evenly distributed in the G delay patients. Those with L delay could be distinguished from G delay and R delay by virtual absence of activity in region 1 and 2. R delay patients had little activity beyond the transverse colon distinguishing this group from those with G delay (Table I ). There was no difference in the distribution of activity between the images taken on the third day (images taken at 51, 54, and 58 hours after ingestion). and 10 hours GC was significantly lower in patients with R delay when compared with the rest of the patients (p<0-01). There was, however, no difference between the other groups of patients. Thus GC did not help to distinguish most of the groups at any of the time points during the first day. During the second day GC could distinguish all groups from each other except normal v G delay and L delay v G delay or R delay groups. On the third day it could distinguish between all groups except the normal v rapid transit. There was no difference in the distinguishing power between the images performed during the course of each day. Figure 4 shows the geometric centre progression for each group through the study. Table I summarises the results of the comparisons between the groups.
ARRIVAL TIMES
Orocaecal transit time ranged from less than two hours to over 10 hours. There was no significant difference in oral to caecal arrival time or to caecal peak between the five diagnostic groups (Table III) . The arrival of activity in the transverse colon (region 2) was similar in the normal group and in those with rapid colonic transit, but these were significantly different from right sided (p<0 0 1) and generalised delay patients (p<0002). Oral to splenic flexure time distinguished only the patients with rapid transit (p<O.0 1) from other groups. The transverse colon and splenic flexure were not visualised in patients with L delay. Oral to rectal transit time was the same for generalised delay, left sided delay, and the normal group, but was significantly slow in right sided delay (p<0O001) and fast in rapid transit patients (p<005) ( Table III) . The orofaecal time was significantly different between three groups: rapid transit, normal, or delayed colonic transit (p<000l), but not between different types of delayed transit. (1) (2) (3) (4) (5) (6) (7) (8) 14-1 25.7 (5.9) elay 6-7 (5 9) 24-6 (8-0) 32-6 (8 6) 39-9 (11 9) analysed 101l colonic transit studies in a variety of colonic disorders and established several patterns of transit. These patterns of colonic transit are useful for classification of colonic transit disorders. Having reviewed all our cases, however, we now propose a simplified method that permits us to reach the same diagnostic accuracy with fewer images obtained over a shorter period of time.
The colon is divided into four regions. The regions were selected so that they represent as large an area as possible and to include fixed anatomical points so that they can be identified confidently in all images. The minimum number of regions that would also be useful clinically was deemed to be the four regions selected. For specific trials, however, dealing with functions of different regions the same principle can be applied. Because of anatomical variation and mobility one of the most difficult regions to identify confidently is the descending colon on its own. Analogue images show that the descending colon is rarely the site of accumulation of any activity (hardly visible except in patients with generalised delay). This is also true of splenic flexure, as suggested by the lack of activity in almost any colonic transit patient (because it is anatomically fixed, however, this region can always be identified). The activity in region 4 thus almost always reflects the activity in the rectum. Thus in left sided delay the problem may lie in the rectum or the pelvic floor physiology. We cannot deal with this problem, however, by solely using our scintigraphic data. Combined manometric, electrophysiological, and proctographic information would be required.
A crude way to look at colonic transit is to measure oral intake to appearance of activity in the faeces, assuming total gastrointestinal transit study reflects colonic transit. Oral to faecal excretion time could distinguish normal, rapid, and delayed transit, but not between different types of delayed transit (Table III) . The difficulty with orofaecal or ororectal time is the variation in transit of the activity through the stomach and small bowel. The orocaecal time can vary anything between two and 10 hours with no relation to the colonic transit time, thus reducing the overall sensitivity of this test. The test also does not yield any information about the segmental behaviour of the colon.
In our study there was no consistent or significant difference between the percentage of activity in different patterns of colonic transit in the early frames of the study. The first consistent difference between different groups of patients appeared eight hours after ingestion of the capsule. In the early frames calculation of activity in different regions is difficult for several reasons. Most important is the activity in the terminal ileum, which may overlie colonic regions, in particular region 2 (transverse colon) and region 4 (rectosigmoid region). Early frames reflect the small bowel transit (orocaecal time), which does not necessarily relate to the colonic transit. Some centres use a meal stimulus four to six hours after capsule intake to facilitate ileocaecal delivery of the meal. 9 Although we did not use such a timed 'push meal' to facilitate ileocaecal transit, we did permit patients a normal lunch at midday, five to eight hours after the ingestion of the capsule. In some patients ileal emptying followed this meal, but in most patients it had already occurred (see Table III for caecal arrival in different groups of patient). At 10 hours, in region 1 (caecum and ascending colon) there was significantly less activity in those with rapid transit compared with normal or delayed transit. In L delay and rapid transit and some normal patients the activity had already passed through region 1 by this time. This suggests that in the group with left sided delay, passage through small bowel and most of the colon is normal. The percentage of activity in the sigmoid and rectum (region 4) was significantly higher in L delay compared with the other groups. The geometric centre at 10 hours also distinguished L delay from the other groups. An image at the end of the first day (8-12 hours after ingestion of capsule) distinguished rapid transit and left sided delay from other groups of patients.
Second day imaging started at approximately 27 hours after the ingestion of the activity. The percentage of activity in region 1 (caecum and ascending colon) and region 2 (transverse colon) was significantly less in rapid transit patients compared with any of the other groups of patients. Region 4 (sigmoid and rectum) had less activity in R delay and rapid transit groups when compared with the other groups. Most of the activity was already excreted in patients with rapid transit, the only group that showed significant faecal activity in the morning images of the second day (27 hour). During the course of the day the activity in all groups remained the same except in the normal transit group, where the faecal activity increased. This means an image at any time during the second day of the study would represent the activity for that day except in normal subjects. It is preferable to have an early image on the second day to permit a clearer distinction between the rapid transit and normal groups. Later on most of the activity is excreted in faeces in normal as well as rapid transit patients.
Activity in region 1 on the third day image (51 hours) distinguished delayed transit from normal and rapid patterns. Only G delay and R delay still had significant activity in transverse colon and splenic flexure. There was a significant amount of activity in sigmoid and rectum in L delay (62% SD 4) and to lesser extent in G delay (39% SD 17). There was little activity remaining in the colon in the rapid transit and normal groups, while in R delay hardly any activity had reached the rectum by the third day. Region 5 (faeces) had most of the activity with rapid and normal transit patterns, but very little in any of the groups with delayed colonic transit. During the course of the third day there was no change in the images. Thus the timing of the image in the third day is not important and can be at any time to suit the department's work and the patient's time.
Two images, one on the morning of the second day and one on the third day can distinguish all groups of patients when different segments of colonic activity are compared. The rapid and normal transit patients, however, could sometimes be difficult to distinguish from each other using only these two images. A 10 hour image (end of first day) would give additional information, which would help distinguish these two groups.
Using the geometric centre it is not possible to distinguish between L delay and normal on the first and second day, and also L delay and G delay at any time during the three days of imaging. The images at 27 hours were the most useful to distinguish between the other groups when only geometric centres were used. This implies that the geometric centre is not a sensitive method of identifying different patterns of colonic transit, in particular when an individual patient is assessed, as there is great overlap in between the groups.
In summary, day 3 imaging alone would clearly distinguish between three groups of delayed transit. Imaging on day 2 distinguishes normal and rapid transit groups. At times it is difficult, however, to separate individual patients, particularly normal and rapid transit groups if a 10 hour image does not supplement these data. This is especially true if for any reason the second day image is obtained later in the day rather than early morning, as some normal transit patients excrete activity during the second day imaging.
In conclusion, we propose that after an overnight fast the activity is given early in the morning (between 7 am and 9 am). The patients are then asked to take normal meals. The first image should be obtained at the end of the working day (8-12 hours after the ingestion of the activity). Imaging is repeated the following morning, and if a 10 hour image is not obtained the timing of the second day image will be important (early morning image), but with a 10 hour image it is possible to image the patients at any time during the second day. The third image is obtained during the course of the third day at any convenient time as the pattern of activity does not change during the third day.
An imaging protocol that entails only three images and distinguishes between different patterns of colonic transit is both practical and cost effective. It can be performed in any nuclear medicine department, with little demand on time for the staff or the patient, and with relatively small radiation burden to the patient. We hope the wider availability of a reliable and easy test will help clinicians in the investigation of colonic motility disorders.
